The pollution level of diuron in seawater and sediments in the west coastal sea area of Zhoushan Island from 2011 to 2013 was investigated. Results revealed that the concentration of diuron in seawater varies from less than (3.0 to 52.1) ng·L
Introduction
Diuron (3-(3,4-dichlorophenyl)-1,1-dimethylurea) is a broad spectrum herbicide that inhibits photosynthesis [1] . Introduced by Bayer in 1954 [2] , diuron is widely utilized for weed, grass, and brush control in farmlands and lawns and on highway shoulders [1, 3] . However, an increasing amount of evidence suggests that the use of diuron poses an immense risk to the ecological environment. The Australian Pesticides and Veterinary Medicines Authority (APVMA) indicates that diuron is highly toxic to algae and aquatic plants, and its residues could remain in soil and water for a long time. The APVMA suggested that the use of diuron be suspended except in anti-fouling paint, algae control, and as a buffer to continue the use of cotton defoliant [4] [5] [6] . The US Environmental Protection Agency has also categorized diuron as a "likely human carcinogen" [7] . The prevention and reduction of the environmental risks posed by diuron as well as the protection of human health should be prioritized by conducting research on the degradation and distribution features of diuron in the environment.
The main sources of diuron in seawater and sediments are land input, ship anti-fouling paint, and atmospheric precipitation. The seawater investigated in this study comes from a relatively closed body of water located between Ningbo City and main Zhoushan Island near the Zhoushan Port north of Hangzhou Bay and south of ZhouYong waterway. The eastern and northeastern coasts contain Zhoushan's intensive industrial area wherein many urban stream outlets dispose a considerable amount of industrial and domestic waste water into the water. Various activities in the area produce pollutants such as diuron; these pollutants damage the environment and pose a potential risk to the marine ecosystem.
Data on the amount of diuron in seawater and sediments from 2011 to 2013 were utilized in this study to discuss the distribution and water-sediment partitioning of diuron. The distribution characteristics of diuron, which provided a theoretical basis for the control of pollution by diuron, were investigated. Restoration of the environment and reasonable development and utilization of Zhoushan coastal resources in the future were also discussed.
Sample
Sampling Seawater and corresponding sediment samples were collected from the sea area from March 2011 to March 2013. The samples were collected along the main Zhoushan Island off the west coast and Zhujiajian Island in the west coast at a longitude of 121˚58′ to 122˚22′ and latitude of 29˚54′ to 30˚09′ (Figure 1) . Water samples were collected 0.5 m below the surface with a Niskin bottle sampler. Sediment samples were collected with a Van Veen grab sampler [8, 9] .
Sample Preparation
Isolation of diuron from seawater samples was performed through solid-phase extraction (SPE) following a method developed by Gatidou et al. [10] . The SPE cartridges (Isolute C18, 1 g) were activated with 10 mL each of methanol and ultrapure water. After filtering the water samples (2000 mL) through a glass fiber membrane filter with a pore diameter of 0.45 m and mixing the samples with the internal standard, extraction was performed at a flow rate of 10 mL·min
. The cartridges were then washed with 4 × 2.5 mL of ultrapure water, dried for 3 min, and eluted with 3 × 2 mL of methanol. The eluents were allowed to evaporate until dry under a gentle stream of nitrogen (35˚C) and were redissolved in 500 μL of ethyl acetate.
The sediment samples for the determination of diuron were extracted with a Soxhlet extractor through SPE. The sediment samples were frozen at −30˚C in a freezer, freeze-dried, and then crushed with a sieve (80 mesh). The fine, dried sediments (50.00 g) mixed with the internal standard and 10 g of anhydrous sodium sulfate were loaded in a round paper tube pre-treated with n-hexane and then placed in a Soxhlet extractor with 400 ml of n-hexane/acetone (V:V = 1:5) solvent. The solutions were cooled at room temperature after refluxing at 60˚C for 8 h. The solutions were allowed to evaporate until dry under a gentle stream of nitrogen (35˚C) and redissolved in 10 mL of ethyl acetate [11] . The SPE cartridges (Isolute C18, 1 g) were activated with 5 mL of ethyl acetate. The cartridges were eluted with 10 mL of ethyl acetate after the sample solutions were extracted. The eluents were allowed to evaporate until dry under a gentle stream of nitrogen (35˚C) and reconstituted with 2 mL of methanol for high-performance liquid chromatography (HPLC) analysis [10] .
Liquid Chromatographic Conditions
HPLC was performed with a UV detector at a wavelength of 254 nm and with 50% methanol and 50% water as mobile phase at a flow rate of 1 mL·min
, injection volume of 20 μL, and 5.80 min of retention time for diuron analysis [10] .
Statistical Analysis
Statistical data analysis was performed with data processing system (DPS) (version 7.05). Analysis of variance (ANOVA) was conducted to determine possible differences among the analytical concentrations and sampling sites. Duncan's test was also utilized for multiple comparisons with  = 0.05 level of significance.
Results

Diuron in Seawater
The concentration of diuron in seawater ranged from less than (3.0 to 52.1) ng·L −1 (average <11.1 ng·L ) (Figure 2(a) ). Diuron content in seawater exhibited a tendency to homogenize and decreased slightly from the north to the south, with the highest concentration in the middle, because of the relatively closed investigated sea area. This finding may be ascribed to terrigenous input and current flow from Hangzhou Bay. The intermediate fluctuations may be ascribed to terrigenous input from Zhoushan Island and port throughput and anchorage berthing capacity near the station. Station S3, which has the highest diuron concentration, is located south of the continuous expansion of Laotangshan Port; station S3 is also near the terrestrial river sluice and the anchorage for large cargo ships. The average concentration of diuron in station S3 was significantly higher than that in the other stations (p ≤ 0.05). Station S4, located south of S3 and near another river sluice, had the second highest average concentration of diuron. The content of diuron in the other stations was relatively normal and exhibited no significant difference (Figure 2(b) ).
The maximum concentration of diuron in the study area (52.1 ng·L 18] . Although diuron concentrations in the sampling area are lower than the standard concentration, diuron would accumulate significantly in the sampling area because of the high half-life of diuron in seawater (43 d to 2180 d) [19] . The results of the three-year investiga-tion revealed a gradual increase in diuron levels in seawater (Figure 2(c) ), indicating that a potential environ-mental risk exists in the investigated sea area.
Diuron in Sediments
The concentration of diuron in sediments ranged from less than (0.3 to 3.9) ng·g −1 in dry weight (average <1.13 ng·g ) in 2013. The distribution characteristics of diuron in sediments were generally similar to those in seawater. The basic change in chemotaxis of diuron in sediments was also consistent with that in seawater. The concentration of diuron in sediments varied slightly from high to low and from north to south. The highest concentration of diuron in sediments was observed in the middle (station S3), which was significantly higher than the other stations (p ≤ 0.05) (Figure 3(b) ). No significant increase was observed in the annual average level of diuron in sediments in three years, although the average level of diuron did exhibit a year-on-year upward trend (Figure 3(c) ).
The concentration of diuron in sediments in this study is comparable to those reported by other researchers (Table 2). The highest concentration of diuron in sediments in this study (3.9 ng·g Table 2) . No environmental exposure limits for diuron in sediments have been set. Sediments serve as a diuron repository for seawater because diuron has a high partitioning ratio between sediments and seawater (log Koc 2.28 to 5.20) [20, 21] . Seawater-sediment interface interaction occurs in a dynamic balance, especially in estuary water bodies mixed up and down violently. The slow accumulation of diuron in sediments in the investigated sea area still presents a potential environmenttal risk.
Correlation Analysis of Diuron and Petroleum Hydrocarbons/Suspended Solids
The diuron concentrations were plotted against petroleum hydrocarbon/suspended solid concentrations based on data obtained from this study. A linear relationship (Figure 4 ) was adopted to determine the relationship between diuron and petroleum hydrocarbons in seawater or diuron in sediments and suspended solids in seawater. Diuron in sediments and suspended solids in seawater had a highly positive correlation (r 2 = 0.51) (Figure 4(c) ), indicating a "recent" contamination in the sediments. Diuron and petroleum hydrocarbons in seawater had a slightly positive correlation (r 2 = 0.0073) (Figure 4(a) ). Except for a few high-value points in the diuron levels, diuron level was found to be highly correlated with petroleum hydrocarbon content (r 2 = 0.1719) (Figure 4(b) ). This finding indicates that in most cases, diuron and petroleum hydrocarbon may be homologous to some extent or exhibit suitable miscibility in water-oil partitioning.
Sediment-Water Partitioning
An important process in the interaction between sediment and seawater interface is control of the distribution, fate, toxicity, and bioavailability of diuron [14, 20] . This interface interaction usually leads to the enrichment of sediment diuron [22] , which can be represented by the sediment-water partitioning coefficient or distribution
) [14] as shown in the following: ), and C w is the concentration of the compound in water (ng·L −1 ). , which are equivalent to 2.80 to 3.10 in log (Koc) (Koc is the normalized partition coefficient) and are similar to the value indicated in the literature (2.28 to 5.20) [20, 21] .
Conclusion
Samples collected from the west coastal sea area of Zhoushan Island from 2011 to 2013 revealed the presence of diuron both in seawater and marine sediments. The maximum measured concentration of diuron in this study reached up to 52.1 ng·L −1 in seawater and 3.9 ng·g −1 in sediments. The annual average contents of diuron in seawater and sediments in the three-year period presented a slow-growing trend, indicating that diuron poses a potential risk to the ecosystems in the investigated area. 
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